The interventricular septum (IVS) has conventionally been regarded as a functional part of the left ventricle (LV). To determine its normal range of motion, simultaneous biventricular cineangiograms (60 frames/sec) were performed (600 left anterior oblique) in nine subjects without coronary or other heart disease. Arrhythmias were avoided by using a specially designed right ventricular (RV) angiographic catheter. IVS motion was studied qualitatively by three observers and quantitatively by superimposing end-systolic and diastolic frames using intra-and extracardiac reference points. Two transverse chords that trisected the endsystolic length of the IVS were drawn to quantitate IVS, LV and RV free wall motion. Qualitatively, the IVS thickened toward both RV and LV cavities as a result of shortening on its longitudinal axis. LV motion was 39.9 ± 7.2% on the transverse axis, of which 31.2 ± 5.2% was contributed by the LV free wall and 8.5 + 2.1% by IVS. RV transverse axis motion was 36.9 ± 3.7%, of which 28.6 ± 2.1% was contributed by the RV free wall and 8.3 ± 2.3% by IVS motion. There was no difference between IVS motion toward the LV and that toward the RV. The IVS longitudinal axis shortened by 17.4 ± 2.8% (p < 0.001). The mean systolic IVS
thickness increased symmetrically from 7.43 ± 0.55 mm to 12.49 ± 0.39 mm (p < 0.001). In brief, the IVS thickens on its transverse axis and shortens on its longitudinal axis, contributing equally to RV and LV function.
THE INTERVENTRICULAR septum (IVS) is generally regarded as a functional part of the left ventricle (LV). Contrast LV cineangiographic studies in the left anterior oblique view as well as echocardiographic studies have indicated that the IVS moves toward the LV free wall during systole. However, the contribution of the IVS to right ventricular (RV) performance has not been evaluated.
Biventriculographic studies by Redwood and coworkers in normal subjects and those with idiopathic hypertrophic subaortic stenosis defined IVS thickness in systole and diastole.1 However, a systematic angiographic study of IVS motion has not previously been performed. We undertook the present study to determine the normal range of IVS motion and its relative contribution to RV and LV performance. Methods Nine subjects, mean age of 51 ± 9 years, who did not have coronary, valvular or congenital heart disease and had normal LV contraction angiographically (normal ejection fraction and no asynergy) were studied for IVS motion during cardiac catheterization. These patients were referred for diagnostic cardiac catheterization and coronary angiography for atypical chest pain and took no cardiac medications for at least 24 hours before cardiac catheterization. After the hemodynamic, coronary angiographic and left ventriculographic studies had been obtained and ruled out any evidence of valvular, congenital, coronary, myocardial or pericardial disease, biventricular cineangiography was performed. At least 20 minutes were allowed for dissipation of the myocardial depressant effects of the contrast medium between the last coronary angiographic/left ventriculographic injection and the biventriculogram. Biventricular cineangiography was performed in the 600 left anterior oblique view by simultaneous RV and LV visualization using injection of Renografin-76. A #6F or #7F flow-directed, balloon-tipped RV angiographic catheter specially designed to prevent ventricular irritability during contrast injection was used to visualize the RV. This catheter is closed at the tip and has side holes for injection of contrast medium 10 cm from the tip, which allows the tip of the catheter to be positioned in the main pulmonary artery to prevent ventricular irritability while contrast medium is injected into the RV ( fig. 1 ). LV angiography was performed using a standard pigtail angiographic catheter.
After the patient was positioned in the 600 left anterior oblique view, 5-ml test injections were performed in each ventricle to position each ventriculographic catheter and adjust the obliquity when necessary to visualize the IVS end-on. We used 45-60°left anterior oblique views in this study. Simultaneous injections of contrast medium (8 ml/sec for 3 seconds in the RV and 12 ml/sec for 3 seconds in the LV) were then made using two volume injectors, one for each catheter. This allowed excellent simultaneous visualization of RV and LV wall motion for three to five beats. Recordings of biventricular wall motion were made on videotape as well as 35-mm cine film at 60 frames/sec.
Cineangiographic Analysis
Analysis of IVS motion and RV and LV wall motion was performed qualitatively by three ex- its longitudinal axis. The fulcrum of this rotation was approximately at the midpoint of the longitudinal axis of the IVS in this view. After superimposition of the end-systolic and end-diastolic frames, two transverse chords, chord I and chord II, were drawn to trisect the systolic length of the IVS. The wall motion for each ventricle on these transverse chords was measured as free wall motion (a to b) and IVS motion (c to d) and was represented as a percentage of total ventricular wall motion (from a-c to b-d). End-systolic septal thickness (d-d) was measured at both transverse chords and was represented as a percentage change from end-diastolic thickness (c-c). Septal shortening on its longitudinal apex-to-base axis (e to f) was measured as the difference between the end-diastolic and end-systolic septal length and represented as percentage of end-diastolic septal length. The data were expressed as mean ± SEM. Statistical significance was determined by means of the t test for paired values. The mean septal thickness was measured by determining the area of the IVS image by planimetry and dividing it by its length on the apex-to-base longitudinal axis. Septal thickness was then corrected by a magnification factor, using the shaft of the LV catheter as a reference.
perienced angiographers and a consensus was reached regarding systolic IVS thickening and shortening as well as their relative contribution to RV and LV contraction. The cineangiograms were reviewed independently by at least three of the authors. There was no interobserver variation in the qualitative interpretation of septal motion in this group of patients. Any difference of opinion regarding the relative contribution of the IVS to RV and LV wall motion was resolved by consensus after three of the authors examined the cineangiogram collectively.
Two of the authors performed independent quantitative analyses by superimposing end-systolic and end-diastolic frames of the biventriculograms using extracardiac and intracardiac reference points ( fig. 2 ). The extracardiac reference points include the diaphragm and the right and left edges of the frame using shutters. An intracardiac reference point consisted of a line connecting the intersection between the RV and LV outflow tracts superiorly and the midpoint of a horizontal line connecting the RV and LV apexes inferiorly. This line represented the longitudinal apexto-base axis of the IVS.
The end-systolic frame was initially superimposed on the end-diastolic frame by superimposing the extracardiac reference points. This superimposition showed a significant posterior shift of the end-systolic cardiac silhouette, shifting the ventricular apexes posteriorly (toward the spine) and the outflow tracts anteriorly (toward the sternum) in the end-systolic frame. Thus, to obtain an accurate superimposition of the intracardiac reference point, the end-systolic frame was rotated clockwise (anteriorly) by 7.0 ± 1.7 degrees, shifting the ventricular apexes anteriorly and the outflow tracts posteriorly so that the end-diastolic and end-systolic images of the IVS were in alignment on Results 
Qualitative Analysis
A qualitative representation of IVS wall motion from end-diastole to end-systole is shown in figure 3 . At end-diastole, IVS is visualized as a relatively thin longitudinal structure extending between the crossing of the RV and LV outflow tracts superiorly and the two ventricular apexes inferiorly. During systole, a consistent, relatively symmetric thickening is seen with significant movement toward both the RV and LV free walls. There is also significant shortening on its longitudinal apex-to-base axis from end-diastole to end-systole. 
Quantitative Analysis
A quantitative analysis was performed by two observers. There was no intraobserver variation in the interpretation, but an interobserver variation of 1.7-17.7% occurred in various measurements. Table 1 shows the quantitative data relating to IVS motion on its transverse and longitudinal axes. The IVS showed systolic shortening on its apex-to-base longitudinal axis of 17.4 + 2.8% (p < 0.001). On its transverse axes, there was a 56.3 + 6.2% systolic thickening on chord I and a 54.1 ± 11. 1% thickening on chord II. The mean septal thickness increased from 7.43 ± 0.55 mm in end-diastole to 12.49 0.39 mm in end-systole (p < 0.001). An interobserver variation of 7.7 + 1.5% was observed in the measurement of mean septal thickness. Table 2 shows the contribution of IVS motion to the RV wall motion on its transverse axes. On chord I, the total RV wall motion was 36.9 ± 3.7%, of which 28.6 + 2.1% was contributed by the RV free wall motion~~~~~~~~~~~~~~~~~~~~~~~. Discussion Considerable interest has focused on IVS motion.2`4 Studies in normal man have fairly uniformly shown movement of the IVS toward the LV free wall, implying no contribution to RV contraction. However, IVS motion has not been systematically evaluated angiographically, primarily because of difficulties in obtaining adequate simultaneous visualization of both ventricles uninterrupted by ventricular irritability. Conventional LV cineangiograms in the left anterior oblique view can show motion of the IVS wall toward the posterolateral wall during systole. However, the motion of the right side of the IVS and its contribution to RV systolic function have not been studied. The biventricular cineangiographic technique used in the present study provides excellent end-on visualization of the IVS and its motion during systole in the 600 left anterior oblique view. (Occasionally, the degree of obliquity may have to be modified to provide a more optimal view after a test injection of the contrast medium.)
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Qualitatively, the IVS appears during diastole to be a thin longitudinal structure extending superiorly between the intersection of the RV and LV outflow tracts and inferiorly between the two ventricular apexes. The mean septal thickness during diastole was 7.43 + 0.55 mm. During systole, the IVS thickness increased to 12.49 ± 0.39 mm, showing a 56.3 ± 6.2% increase in thickness on transverse chord I and a 54.1 + 1 1. 1% increase on chord II. These findings are consistent with the angiographic observations of Redwood and co-workers,' who reported a mean septal width of 6.7 ± 0.4 mm during diastole and 11.4 ± 1.0 mm during systole. The angiographic diastolic septal thickness is slightly less than the echocardiographic thickness of 9.7 + 0.6 mm and its systolic thickening slightly more than the 30% thickening shown by echocardiography..' 6 The explanation for the difference between angiographic and echocardiographic results is not clear, but may relate to generally poor definition of RV surface of the IVS or oblique passage of ultrasound through the septum.
Quantitative measurements of LV wall motion in the standard right anterior oblique view have generally been performed by superimposing end-systolic and end-diastolic frames by using intracardiac or extracardiac reference points. For superimposition of the end-systolic and end-diastolic frames of the biventriculograms, there was a significant posterior displacement (toward the spine) of the ventricular apexes and anterior displacement (toward the sternum) of the outflow tracts during end-systole; therefore, the enddiastolic and end-systolic images of the IVS could not be aligned by using the extracardiac reference points only. Thus, after superimposing the extracardiac reference points, the end-systolic silhouette was rotated clockwise by 7.0 ± 1.7°to align the intracardiac reference point to obtain a superimposition of the enddiastolic and end-systolic image of the IVS. Because of a significant end-systolic displacement of the ventricular apexes and the outflow tracts, it is not possible to quantitate IVS motion by use of the extracardiac reference points alone.
In the present study, we observed that the thickening of the IVS contributes to the systolic contraction of both ventricles. The relative contribution of IVS motion to the total RV wall motion was 8.3 + 2.3% on chord I and 12.2 ± 4.7% on chord II (table 2) . Similarly, the relative contribution of IVS motion to total LV systolic wall motion was 8.5 ± 2.1% on chord I and 9.4 ± 1.3% on chord II (table 3) . Pearlman et al.f studied the motion of the septum by echocardiography and concluded that it normally moves toward the left ventricle. In this study, however, they measured the distance between the posterior surface of the sternum and the midseptal plane in relation to the total heart dimensions. This method would not differentiate between the motion of the septum due to rotation of the whole heart and that due to its own contraction. Moreover, Pearlman et al.6 did not attempt to study the septal contribution to RV function. In the present study, the IVS contributed to systolic function of both ventricles, which was clearly enhanced by the inotropic stimulation provided by postextrasystolic potentiation ( fig. 4 ).
Another aspect of IVS motion that has not been well defined is that of its apex-to-base shortening. In this study, we found that there is a 17.4 ± 2.8% shortening of the IVS on its apex-to-base axis, which is consistent with observations on LV free wall apex-to-base shortening in the right anterior oblique views.7'
Although the relationship of the IVS to RV contraction is not clear, several lines of evidence support the importance of septal motion. Experimental studies have indicated that RV dysfunction at rest cannot be produced despite causing severe damage to the RV free wall or even after replacement of 90% of the RV free wall with a patch.9'2 It has been postulated that the relative preservation of RV function in the presence of RV free wall damage may be due to IVS contraction. When this hypothesis was studied in our laboratory, akinesis of the IVS produced by ligation of the first septal coronary artery caused depression of RV function curves. 13 Clinically, the syndrome of RV infarction and RV failure has been shown by Isner and 995 996 CIRCULATION Roberts14 to be always associated with both transmural inferior wall infarction and transmural interventricular septal infarction. This also suggests that the lack of septal motion may be responsible for RV failure in this syndrome.
